1 × 10 -7 , vary the termination criterion, etc.), and see what happens to the objective function as recommended in McCullough and Renfro (1999) . However, even changing the options is insufficient to ensure that a correct solution has been found.
For example, in Professor Robert Engle's 'GARCH 101 Tutorial' he presented estimates of a GARCH(1,1) model based on running a nonlinear solver at default and obtained the following set of results: μ = 1.40 × 10 -6 , a 1 = 0.0772 and ß 1 = 0.9046. Simply tightening the convergence tolerance from the default 1 × 10 -3 to 1 × 10 -7 changed the results to μ = 1.09 × 10 -6 , a 1 = 0.0654 and ß 1 = 0.9202. See McCullough and Vinod (2003b) for further discussion of this example. McCullough (2004) gives an extended example in which a solver gives a different answer every time the convergence tolerance is changed, and many of the answers are completely wrong. Stokes (2004) gave the same problem to several packages and got several different answers. Which of the many answers was correct?
In fact, when a solver produces a 'solution' the researcher's task is just beginning. How can a user verify that the 'solution' offered by a nonliner solver is, in fact, correct? To answer this question, McCullough and Vinod (2003a) offered a four step procedure for verifying the solution from a nonlinear solver.
Step 1: Examine the gradient -is it zero?
Step 2:
Inspect the trace -does it exhibit the characteristics indicative of successful convergence?
Step 3:
Evaluate the Hessian -is it positive definite (for minimization)?
Step 4:
Profile the likelihood -is the surface approximately quadratic? The interested reader is referred to McCullough and Vinod (2003a) for further details and an application. Note that this article made an error in step 3, which was noted by Drukker and Wiggins (2004) and corrected in McCullough and Vinod (2004) . Specifically, before concluding that a Hessian is ill-determined, one must be careful to distinguish between artificial ill-conditioning and inherent ill-conditioning. A further application of this four-step method is presented in McCullough (2004) .
The paper by Christensen, Hurn and Lindsay does a fine job of explaining how to use a nonlinear solver. But the user needs to remember to experiment with the default options to find a tentative solution, and then employ the four-step method to verify that the candidate solution is a true solution. An introduction to the numerical issues bedevilling econometric software -beyond nonlinear solvers can be found in McCullough and Vinod (1999) .
